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ABSTRACT

A characterization of photophysical properties of 1,3-dihydro-1,3,3-trimethylspiro[2H-indole-2,3’-[3H]naphtha[2,1-b]
[1,4]oxazine] (spirooxazine) and 1°,3’-dihydro-1°,3”,3’-trimethyl-6-nitrospiro[2H-1-benzopyran-2,2’-(2H)-indole] (spi-
ropyran) compounds hosted in poly(methyl methacrylate) (PMMA) was carried out. The parameters which influenced
the photochromic behavior of both compounds were investigated. After ultraviolet (UV) irradiation, it was demon-
strated that the temperature was the dominant factor which influenced the deactivation of both materials. For spiropyran,
it was demonstrated that the process could be photo-induced with a certain wavelength which we have specified in this
manuscript. It was also found that X-Ray did not affect the photo physical properties of spirooxazine and spiropyran.

Finally, both materials could be used as low-cost germicidal UV indicators.
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1. Introduction

Photochromism is defined as the reversible transforma-
tion of a chemical specie between two forms having dif-
ferent absorption spectra by photoirradiation [1]. For the
last two decades, photochromic compounds have been
intensively studied [2-11] for many applications such as
optical switch [12], optical memory [13], ophthalmic lens
and light filters [7]. This manuscript concentrates on the
photophysical properties of 1,3-dihydro-1,3,3-trimethyl-
spiro[2H-indole-2,3’-[3H]naphth[2,1-b][1,4]oxazine] and
1’,3’-dihydro-1°,3”,3’-trimethyl-6-nitro-spiro[ 2H-1-benz-
opyran-2,2’-(2H)-indole] also called spirooxazine and
spiropyran respectively. They are organic compounds
with a closed ring form (Figure 1), which change into an
open ring form called merocyanine under UV exposure.
Spirooxazine is colorless in its closed ring form and be-
comes blue [12] under UV irradiation (open ring form),
and spiropyran is pale yellow in its closed ring form and
becomes dark purple [14] in its open ring form (Figure 2).

"Corresponding author.

Open Access

According to literatures, these transformations are re-
versible under visible illumination and/or thermal stimu-
lation [15,16]. Spirooxazine is considered as a promising
material to act as a reliable sensor due to fast response
time with good photo-fatigue resistance [12]. Previous
works had focused on the liquid form of spirooxazine
and spiropyran, when studying the photochromic reaction
induced by UV irradiation [2].

Recent works had focused on spiropyran and spi-
rooxazine to be used to tune a photonic crystal cavity [17]
and as dosimeter [18]. Nanomedecine application also
has been reported and it has been showed that spiro-
pyran’s photochromic properties could be used for on-
demand drug delivery [19]. To our knowledge, this is the
first time to characterize these chemical species hosted in
PMMA matrix. Here, we studied the parameters which
influence their deactivation.

The growing demand for drinkable water has induced
researchers to find novel methods to treat water effi-
ciently at a low cost. This is particularly true for under-
developed countries where sources of drinkable water
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Figure 1. Chemical structure of spirooxazine and (b) spiro-
pyran
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Figure 2. (a) Spirooxazine and (b) spiropyran before (left)
and after (right) UV irradiation.

are low and their accesses are limited. A simple method
is to use UV-C germicidal wavelength (A = 253.7 nm) [5,
20] to treat water. This method leads to high annihilation
rate of bacteria [21,22], high reliability [6], ease of use
and can be done cheaply. These systems inactivate the
pathogenic microorganisms that could be responsible of
diseases through contamination of water. These systems
generate a minimum UV-C dose of 40 mJ/cm?, and are
frequently used in underdeveloped countries for treat-
ment of high quantity of water at reasonable cost (2 cents
of US dollar per metric ton of water) [10]. In order to
detect the amount of UV dose needed to kill bacteria, the
system embedded an optoelectronic sensor. The sensor
can be expensive, requiring power supply and specific
knowledge for maintenance. Therefore, there is a need to
develop a low-cost, reliable, user friendly and easy to
maintain UV indicator. Spiropyran and spirooxazine are
good candidates to act as the required UV indicator due
to their photochromism and thermo-optical properties.
Instead of optoelectronic sensor, discs of spirooxazine or
spiropyran could be used. The discs simply change color
when the required UV dose has been reached. Also, other
studies have been carried out on germicidal UV sensor
using optical fiber [9,20]. The objective of our research is
to use both spirooxazine and spiropyran as germicidal
UV wavelength indicator. In this paper, photochromism
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and thermo-optic properties characterization of both
compounds in PMMA are reported.

2. Materialsand Methods
2.1. Materials

In all the experiments done, herein, spirooxazine and
spiropyran with concentration of either 1% or 3% were
used. Chemicals have been purchased from Sigma-Al-
drich. To facilitate the experiments and the intended ap-
plications, the compounds were added into a polyme-
thylmethacrylate (PMMA) solution and cured to obtain
solid samples. For the sample preparation containing
either 1% (0.1886 g) or 3% (0.5658 g) of photochromic
species, the PMMA solutions were made of 20 mL of
Methyl methacrylate (MMA), 0.0225 g of Benzoyl per-
oxide (LP) and 112.8 pL of 1-Dodecanethiol (DT).
MMA was the monomer, LP was used as an initiator to
start the polymerization of the monomer and DT intro-
duced a chain transfer to control the molecular weight
and to end the polymerization process. After curing, cy-
lindrical optical solids with diameter of 1.3 cm were fab-
ricated, which were cut into discs of 1.1 mm thickness
(Figure 2) for testing.

2.2. Photo Physical Characterization

We used a spectrophotometer (Varian Cary 300 Conc)
with wavelength range of A =200 nm to A = 800 nm to
measure the absorbance spectra of both materials before
and after UV laser exposure. The intensity was set by
optics and attenuators to 8 mW/cm? and the time of ex-
posure was set to 5 minutes for a total dose of 2.4 J/em?.
Activation of both chemical species was achieved by
illuminating the samples with a 325 nm UV laser. These
compounds can be deactivated and return to their stable
state (closed ring form) after exposure to visible light
and/or thermally. The influence of temperature on the
recovery time of both compounds has been studied. Ac-
cording to the spectra recorded with the spectropho-
tometer, the wavelength selection also has an effect on
the recovery of the open ring forms. For the recovery part,
we used a DPSS green laser (4 = 532 nm) and a laser
pointer FU650AD100-GC18 which emit at A = 650 nm.
To avoid additional thermal effect, we set the dose rate of
both lasers at a low intensity (1 mW) for a course of 8
minutes.

3. Results and Discussion
3.1. Absor bance M easur ements

The absorbance spectra of spirooxazine and spiropyran
were recorded before 325 nm exposure. They showed
that both compounds had a high absorbance in the UV
range (Figures 3(a) and (b)), particularly in the UV-B (4
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=280 nm to A = 315 nm) and second half of UV-C (1 =
153 nm to A = 280 nm) band. It is obvious from Figure
3(a) that when the concentration of spirooxazine in the
PMMA increased, the UV absorbance value and band-
width increased, and the absorbance spectrum became
sharper. Note that the curves between the 2 vertical lines
(from 300 to 360 nm) of Figures 3 and 4 may not repre-
sent the actual measurements as the spectrophotometer
switched sources around 350 nm. Thus, the results ob-
tained in this range were not accurate. The absorbance
spectrum in the visible was nearly the same for spi-
rooxazine with different concentration. Moreover, the
absorbance at germicidal wavelength (4 = 254 nm) was
high for this compound with values of 2.95 and 3.31 for
concentration of 1% and 3%, respectively.

The measurement for spiropyran (Figure 3(b)) before
325 nm exposure showed that for concentration of 1%,
this photochromic compound was more sensitive than
spirooxazine (1% and 3%) as its absorbance was higher,
which led to a better conversion from closed ring form to
open ring form. Also, note that the absorbance at 1 = 254
nm was 3.66 which was the highest we recorded. The
results obtained with concentration of 3% showed that
the absorbance of spiropyran was lower than that of con-
centration of 1%. The closed ring form of this material
can even changed into the open ring form by ambient
light illumination, led to a decrease of the overall UV
absorbance. From Figure 3(b), an absorbance peak with
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Figure 3. (a) Absorbance of spirooxazine and (b) spiropyran
before UV irradiation.
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Figure 4. (a) Absorbance of spirooxazine and (b) spiropyran
after UV irradiation.

a maximum of 0.7 at 4 = 550 nm could be observed,
which was further evidence for the explanation given
above as the results recorded after a 5 minutes 325 nm
exposure provided similar effect.

Next, the compounds were irradiated with a 325 nm
laser, and the activation of both compounds led to a
change in color for both samples. Fluorescence at A =450
nm for the spirooxazine and 4 = 655 nm for the spiro-
pyran was observed. The absorbance spectrum (Figures
4(a) and (b)) after activation under 325 nm for 5 minutes
were recorded. The absorbance in the UV band of both
materials with a concentration of 1% and 3% was ap-
proximately the same as that recorded before irradiation
(Figure 3). From Figure 4(a), the absorbance spectrum
of spirooxazine after laser exposure was similar to the
one recorded before (Figure 3(a)). The absorbance’s
values and bandwidth in the UV were similar, with an
increase for concentration of 3%. Moreover, the absorb-
ance in the visible range was almost the same with a low
value which contradicted previous observations [12]. The
most interesting results have been obtained for the sam-
ple containing spiropyran (Figure 4(b)). The spectra
before (Figure 3(b)) and after 325 nm irradiation (Fig-
ure 4(b)) were similar in the UV range, however, the
materials exhibited a significant increase in absorption in
the visible region. This was due to the activation of the
material from closed ring form to merocyanine form un-
der UV irradiation [3,15,21].
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For concentration of 1%, the peak was center at 1 =
572 nm with an absorbance of 0.66, and it ranged from
~480 nm to 630 nm, which was consistent with the pre-
vious spectra observed [4]. For concentration of 3% of
spiropyran, it was observed that after 325 nm irradiation,
an increase of the absorbance value and bandwidth of the
visible peak, centered at 4 = 553 nm with a value of 1.83,
and a bandwidth ranged from 460 nm to 637 nm. Fur-
thermore, the peak shifted to the shorter wavelength
when the concentration increased, with a measured shift
of 19 nm.

It could be concluded that both spirooxazine and spi-
ropyran were very sensitive to UV, and after irradiation,
only spiropyran exhibited absorbance in the visible range,
while spirooxazine was less sensitive. Both compounds
had a high absorbance for germicidal wavelength with a
significant changed in color (as shown in Figure 2)
which rendered them reliable germicidal UV indicators.

3.2. Parameters Influencing the Deactivation of
the Merocyanine Form

After activation of both samples under 325 nm light, the
effect of temperature on the merocyanine form of these
compounds was investigated. For these tests, the time
needed for spirooxazine and spiropyran to change back
to their original colors (transparent and pale-yellow, re-
spectively) after UV irradiation was recorded for differ-
ent temperature. Spirooxazine and spiropyran with a
concentration of 1% were used and it was observed that
the temperature had a significant effect on the deactiva-
tion of the compounds as shown in (Figure 5). Indeed,
for both compounds, the more the temperature increased,
the faster was the deactivation, and spirooxazine exhib-
ited a better response to temperature than spiropyran.
Both of the curves show that the deactivation time was
much longer for temperature below 60°. At 50°C, the
spirooxazine needed 6 minutes while spiropyran needed
25 minutes. At 70°C, spirooxazine deactivated in less
than one minutes and spiropyran in 5 minutes.

Above 80°C, spirooxazine recovered in a few seconds
(a little bit more than 3 minutes for the spiropyran).
These results clearly showed the impact of temperature
on the merocyanine form of both compounds. According
to the spectrum showed in Figure 4(b), spiropyran ex-
hibited an absorbance peak in the visible after 325 nm
irradiation. Thus, the effect of visible light on the deacti-
vation time was investigated. The first step was to acti-
vate both compounds (merocyanine form) using the 325
nm laser, same as the method used previously during the
thermal experiment. Then, a green laser (532 nm) and a
red laser diode (650 nm) were used to deactivate the
compounds, making them returned to their original state
(closed ring form). The absorbance spectra of both com-
pounds at wavelengths mentioned above were recorded
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as a function of time. The wavelengths had been chosen
because according to the spectrum recorded in Figure
4(b), spiropyran was sensitive at 2 = 532 nm with an
absorbance of 0.48 for concentration of 1% and 1.62 for
concentration of 3%, while at 4 = 650 nm it was
negligible (only at 0.08 and 0.29 for concentration of 1
and 3% respectively). The power (I mW) of both lasers
had also intentionally been chosen low to avoid warming
up the material and induce thermal recovery.

From Figure 6(a), spiropyran exhibited a high
absorbance at 532 nm (1.88 and 0.52 after 5 seconds for
concentration respectively at 3% and 1%), which slowly
decreased with time to a value of 0.02 (after 8 minutes
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Figure 5. Effect of the temperature on of the deactivation of
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for both concentrations). This decrease was due to the
fact that the colored merocyanine form of the spiropyran
absorbed the green light and changed the chemical
structure of the material back to the closed ring form. By
simple inspection, it was observed a changing back in
color from dark purple to pale yellow. Furthermore, the
higher the concentration, the sensitive it was at this
wavelength. For the spirooxazine, the absorbance was
quite low (0.15 after 5 seconds) and dropped to less than
0.02 after 3 minutes. This was predicted from the ab-
sorbance spectrum (Figure 4(a)) recorded after UV ir-
radiation. Note that, this material did not recover back to
its original color and thus still remained blue at the end
of the time set. The decreased in the absorbance could be
due to a small thermal effect.

These results were compared with those obtained
under red laser irradiation (Figure 6(b)), it was found
that both compounds did not absorb this wavelength.
After 5 seconds, the absorbance of spiropyran was at
0.12, and that of spirooxazine was 0.05. After 8 minutes,
it was at 0.06 and 0.018 for spiropyan and spirooxazine
respectively. Once again, the decrease was only due to
small thermal effect which made both compound deacti-
vated slowly from merocyanine form to closed ring form.
At the end of the experiment with the red laser (650 nm),
the predominant form of both materials was the mero-
cyanine form (colored form). From the results shown in
the experiments, the term “photochromism” employed to
define spirooxazine should be used carefully as tempera-
ture was the dominant effect which induced the change
of the merocyanine form into the closed ring form (from
colored to colorless). As the deactivation was mainly
thermally induced, the term thermochromism could also
be used to define this material. For the spiropyran, we
showed that only a certain wavelength band had an im-
pact on the transformation of the merocyanine form,
principally in the green. Therefore, the term “recover
under visible light” [1,22-26] can also be more specifi-
cally defined in terms of wavelength.

3.3. Influence of X-Rays on the Spirooxazine and
Spiropyran Closed Ring Form

For completness, the materials were irradiated with X-
Ray. The aim was to investigate if either photochromic
compounds could be activated under X-Ray, and if their
characteristic, such as photo fatigue resistance were af-
fected. A change in color of both compounds could have
led to new applications. Unfortunately, after X-Ray irra-
diation, both compounds did not change color. Therefore,
other characteristics of the materials were tested with this
irradiation, and it was found that this irradiation also did
not influence the photofatigue resistance of spiropyran
and spirooxazine.
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4. Conclusion

A consistent photophysical characterization of 1,3-Dihy-
dro-1,3,3-trimethylspiro[2H-indole-2,3’-[3H]naphth[2,1-
b][1,4]oxazine] and 1°,3’-Dihydro-1°,3’,3’-tri-methyl-6-
nitrospiro[2H-1-benzopyran-2,2’~(2H)-indole] compounds
put into a PMMA matrix have been demonstrated by
measuring their absorbance spectra. It was demonstrated
that the temperature was the dominant effect in the deac-
tivation of both compounds (after activation by 325 nm
irradiation). It was found that spirooxazine was not sen-
sitive to visible light after UV exposure, which contra-
dicted results found in some articles. New results pre-
sented in this paper specified the main wavelengths for
the deactivation of the spiropyran. The results showed
that the term “thermochromism” could also be used to
describe spirooxazine. We also showed that the materials
were not affected by X-Rays which concluded the char-
acterization.
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